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Abstract
Introduction The optimal diagnostic strategy for carotid
dissection following blunt trauma is yet unclear. The
rationale for aggressive screening will be discussed based
on a consecutive case series of blunt traumatic carotid
artery dissection (CAD).
Materials and methods Five patients admitted to our
level I trauma center developed severe complications as a
consequence of blunt traumatic CAD. The diagnosis of
CAD was delayed in all ﬁve patients until serious cerebral
ischemia occurred. Despite the current awareness that CAD
can result from blunt trauma, this type of injury is often
overlooked. Clinical and radiological advances have con-
siderably increased the knowledge of incidence and
underlying mechanisms of traumatic CAD. This could have
implications for case identiﬁcation and the evaluation of
treatment strategies in clinical trials in the future.
Conclusion Screening may increase the rate of early
CAD diagnosis, but it is unclear if screening will also result
in early detection of a treatable lesion. Trials have to
provide the answer to whether initiating therapy will lead
to improvements in the outcome in traumatic CAD. We
therefore believe that screening is a basic condition for
initiation of future clinical trials.
Keywords Blunt  Traumatic  Carotid  Artery 
Dissection  Screening
Introduction
Traumatic carotid artery dissection (CAD) has long been
considered a curiosity, but increasingly safe neurovascular
imaging techniques of the extra- and intracranial vascula-
ture have indicated that this is a relatively frequent and
underestimated cause of stroke. The incidence of CAD
among all patients with blunt trauma is estimated at
0.08–1.2% [1–8], but is considerably higher in patients
with certain risk factors. CAD may lead to ischemic stroke
and subsequent disability or death. Case fatality has been
reported in up to 31% of the patients with CAD, and severe
disability in up to 56% of the survivors [9, 10]. CAD not
only affects early neurological outcome, but may have
severe implications for long-term outcome as well.
Unfortunately, most studies that have reported CAD after
blunt trauma have had methodological problems, and few
of them have presented complete accountability for all
patients.
To prevent further complications, early recognition of
this injury is important [4, 10, 11]. A critical factor that
hampers early diagnosis is the delay between the dissection
and the onset of neurological symptoms. Therefore, some
authors have proposed early aggressive screening of
severely injured patients to detect occult carotid artery
dissections [10–13]. Despite several reports on this topic, it
is still unclear as to whether aggressive screening is
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hospital resources; it is time-consuming, expensive,
requires substantial experience from the screener, and
probably has a relatively low yield [14]. Furthermore, the
natural history of asymptomatic CAD is unknown, and so
the most appropriate medical and invasive treatment
strategies are still a source of controversy. Modiﬁed
screening strategies, as advocated by Bifﬂ et al. [13], have
been shown to identify only the most likely candidates,
thereby increasing the yield from screening and lowering
the impact on resources.
We report ﬁve patients in whom the diagnosis of CAD
was delayed, which may have had a negative effect on
functional outcome. The rationale for CAD screening fol-
lowing blunt trauma is discussed.
Patient 1
A 20-year-old woman presented at our emergency depart-
ment (ED) following a high-speed car incident against a
tree. She was hemodynamically stable, alert, and had no
focal neurological deﬁcit. She was diagnosed with a mild
bilateral subdural hematoma and fractures of her left
zygoma and mandible, right clavicle, and right femur. She
was scheduled for operative treatment on her mandibular
and femoral fractures for the next day.
During the night she developed respiratory insufﬁciency
due to a lung contusion, after which she was transferred to
our intensive care unit (ICU) and intubated. Her Glasgow
Coma Scale (GCS) at that time was E3M6V3. A cranial CT
was repeated twice that night but did not reveal a plausible
explanation for her decreased consciousness. As scheduled,
her femur and mandible were operated on the next day.
Postoperatively, her consciousness did not improve. At this
time, a second evaluation of her previous cranial CT scans
and a new CT scan showed a cervical condyle (C0) frac-
ture, and a vertebral artery dissection was then considered.
Duplex ultrasound showed no indication of a vertebral
artery dissection, but did reveal a hemodynamically sig-
niﬁcant stenosis in the left internal carotid artery (ICA).
Cranial and cervical CT, CT angiography (CTA) and CT
perfusion conﬁrmed the dissection of the left ICA (Fig. 1a,
b) and demonstrated a severe perfusion deﬁcit of almost the
complete territories of the left anterior and middle cerebral
arteries and early signs of left middle cerebral artery
infarction. CTA showed good collateral circulation via the
circle of Willis. Because of the time delay between trauma
and the diagnosis of a dissection, the adequate collateral
circulation, and probably irreversible cerebral damage,
endovascular therapy was not performed, but antiplatelet
therapy was started. She was extubated after 11 days, and
transferred to the neurological ward with a right hemipa-
ralysis, where she stayed for another six weeks. Ten
months after the accident she had a mild right-sided hem-
iparesis and persistent cognitive problems.
Patient 2
A 49-year-old woman had a high-speed motor cycle acci-
dent. On arrival in ED her vital signs were stable and her
GCS score was E3M5V4. Screening revealed a sensory
loss from her umbilicus downwards and a paralysis of both
legs. Other diagnoses were: right temporal lobe contusion
with a large hematoma, lung contusion, and multiple rib
fractures on the left side for which she received a thoracic
drain, a fracture of her left scapula and left humeral head,
and multiple fractures of her spine at the cervical and
Fig. 1 CTA: images show a subtotal stenosis of the left ICA with a
suspected dissection, as indicated by the asterisk
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ness, another cerebral CT scan was performed, which
showed a larger hematoma and increased edema of the
right temporal lobe. The hematoma was surgically evacu-
ated and an intracranial pressure (ICP) monitor was intro-
duced. After a relatively stable period of 16 days,
spondylodesis of the fourth and ﬁfth thoracic vertebrae was
performed, and a tracheotomy after 23 days. She was
transferred to the medium-care facility ﬁve days after. She
made a good recovery and was discharged one month later.
In the outpatient clinic she received a cranial CTA showing
a dissection of the right extracranial ICA just below the
level of the mastoid (Fig. 2a, b). This diagnosis was con-
ﬁrmed with conventional angiography two months after the
accident. She received low-molecular-weight heparin for
the prevention of thromboembolic events.
Patient 3
A 19-year-old man with a history of severe traumatic head
and facial injury seven years earlier hit a tree with his
motorbike at high speed. At the scene, his vital signs were
stable, but he was intubated because of a GCS of E1M4V1.
After initial assessment in ED, the diagnoses were: a
depressed left temporal fracture, multiple small traumatic
intracerebral hematomas, a bilateral mastoid and left
sphenoidal, mandibular and clavicular fracture, and a lung
contusion. Because of a blood pressure difference between
the left and right arm, a CTA of the aorta was performed
which showed no rupture or dissection of the thoracic
aorta. The patient went to the operating room and an ICP
monitor was inserted. Four days later, his mandibular
fracture was stabilized. Because of continuous low ICPs,
the ICP monitor was removed after six days. However,
seven days after the injury the patient developed episodes
with bilateral spontaneous stretching of both arms. A
cerebral CT scan showed a progression of the left frontal
hematoma and an intracerebral hematoma in the left tem-
poral lobe. His pupils became wide and unresponsive to
light, with an unchanged GCS score of E1M5V tube and a
right hemiparesis. A new CT scan (eight days after the
accident) showed an infarction in the left anterior and
middle cerebral arteries. His GCS remained E1M5V tube
with a hypertonic hemiplegia on the right side. Treatment
focused on maintaining a mean arterial pressure of
[80 mm Hg. The next day, a CTA showed an ICA dis-
section from the carotid bifurcation to the siphon.
He was treated with aspirin for six months. Five weeks
after the accident the patient was discharged to a nursing
home with a GCS of E2M5, dysphasia, and a severe right
hemiparesis.
Patient 4
A 19-year-old man hit a tree with his car at high speed. He
was intubated because of a GCS of E1M1V1. He was
diagnosed with fractures of the mandible, maxilla, orbita,
zygoma, and frontal sinus on the left side, bilateral tem-
poral bone fractures, a cervical condyle (C0) fracture, and a
skull base fracture extending into the carotid siphon on the
left side. The patient received a thoracic drain for a right
pneumothorax with sternal and bilateral rib fractures.
Because of his reduced consciousness and skull fractures,
Fig. 2 a CTA: just below the level of the siphon there is a double
lumen visible in the right carotid artery with a suspected traumatic
dissection of the ICA (asterisk). b Angiography conﬁrms the
traumatic ICA dissection (asterisk)
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post-surgery, which showed a left ICA dissection stretch-
ing into the siphon with infarction of the left middle
cerebral artery territory. He was treated with aspirin
because of the anatomical location of the dissection, and
additional injuries precluding anticoagulation therapy.
However, his neurological status deteriorated in the
following 48 h. Repeated cranial CT scanning showed the
extension of his infarction into the territory of the left
anterior cerebral artery with compression of the left ven-
tricle. Further neurological deterioration was observed in
the absence of additional treatment options. He was
declared clinically dead 14 days after the trauma and
accepted for a non-heart-beating donor procedure.
Patient 5
A 53-year-old male driver was admitted to a level 2 trauma
center after a head-on collision with a truck. He was
hemodynamically stable with maximal GCS. Other than
bilateral C0 fractures, he had no other injuries. He was
transferred to our center for halo frame application almost
18 h after initial hospital admission. During halo frame-ﬁt-
ting his GCS suddenly decreased to eight. Physical exami-
nationshowedarighthemiparesisandBabinskireﬂexonthe
right side. CT of brain and neck showed a large infarction in
the left medial cerebral artery area based on an occlusion of
the left ICA based on a dissection of the proximal ICA
(Fig. 3a, b). The dissection was inaccessible to surgery due
to the extension of the occlusion into the brain (Fig. 3). He
was started on antiplatelet therapy. To date, he has a slightly
improved right hemiparesis and aphasia.
Discussion
In our level I university trauma center, approximately 300
multitrauma patients (Injury Severity Score[15) are trea-
ted every year. Urgent screening for CAD in all patients
with blunt craniocervical trauma is not performed as yet
due to both logistical reasons and an absence of proven
effective treatment strategies. The ﬁve cases presented here
highlight the difﬁculties involved in diagnosing traumatic
CAD without a screening protocol. All of our patients had a
CAD-related stroke, and two became symptomatic within
24 h of their injuries (patient 4 and 5). The remaining three
exhibited delayed presentation of symptoms (patients 1, 2,
and 3 presented, respectively, 24 h, 6 days, and 1 month
after injury). Our cases demonstrate that CAD can easily be
missed during the initial trauma survey in multiply injured
patients, especially in cases of additional traumatic brain
injury. Knowledge of the mechanism and risk factors of a
traumatic CAD is important because it could have conse-
quences for the treatment of these patients.
Fig. 3 CTA: a narrowing of the
proximal left ICA ending in an
occlusion (asterisk). This image
can be explained by a dissection
of the proximal ICA
150 K. J. P. van Wessem et al.Mechanism
Dissections start with a tear in the intima/media layer of the
vessel wall, after which a hematoma develops. Transient
ischemic attacks or ischemic strokes after CAD may occur
because of thromboembolism, or, in less frequent cases,
artery occlusion due to the hematoma in the vessel wall [4,
6, 15]. Dissection can also progress in the subintimal or
subadventitial layer, leading to local compression resulting
in a loss of function of the adjacent cranial nerves, pre-
senting as Horner syndrome (resulting from periarterial
sympathetic plexus disruption), facial nerve palsy, or
hypoglossal palsy [1, 14, 15].
Traumatic causes of a CAD are: (1) direct trauma to the
artery, (2) hyperextension–rotation, (3) blunt intraoral
trauma, (4) skull base and mandible fractures, and (5)
combination of head–thorax trauma with overstretching of
the carotid artery [4, 16]. A speciﬁc risk factor for the
occurrence of CAD is therefore a trauma in which there is a
serious cervical hyperextension, particularly in combina-
tion with complex and dislocated midfacial or mandible
fractures, a GCS B6, closed head injury, skull base frac-
tures involving the carotid canal or fracture of the petrous
bone, Le Fort II or III fracture, or a cervical spine fracture
(Table 1)[ 3–5, 9, 16, 17]. All of our patients presented
with a combination of these CAD risk factors, and all had
facial fractures and/or cervical spine fractures.
Clinical symptoms
Typical symptoms of CAD are pain in the ipsilateral face
or neck, followed by contralateral weakness or sensory
loss. CAD should also be considered when confronted with
a hematoma in the neck or a so-called ‘‘seatbelt sign,’’ a
cervical bruit in patients younger than 50 years, ptosis and
pupillary asymmetry (ipsilateral Horner’s syndrome), a
hemorrhage of arterial origin in mouth, nose, or ear, or
wounds in the trajectory of the carotid artery [1, 3–5, 8, 9,
16]. However, multiply injured patients often cannot
express pain due to a lower level of consciousness or a
distracting injury.
The interval between blunt cervical injury and (neuro-
logical) deﬁcits can be periods of hours, days, or even
months, like in our ﬁve patients [6, 15, 18–20]. This delay
between the moment of dissection and the occurrence of
focal neurological symptoms is the critical factor that
makes diagnosis a demanding task. Further, it is not at all
clear that early detection would have found a treatable
lesion after a stroke that is clinically evident hours or days
after the injury. Reports of strokes developing after initial
negative screening have been made [20]. On the other
hand, the time interval between injury and onset of
symptoms offers the possibility of screening for CAD and
initiating therapy before the neurological symptoms
become clear.
Screening
The challenge is to identify patients with CAD before the
onset of neurological complications. Several authors have
proposed that liberal screening for blunt carotid and ver-
tebral artery injuries is justiﬁed [10, 11, 16, 21], although
not all authors were convinced that early detection by
screening would also lead to better outcomes [14, 20].
Cothren et al. [11] showed that a screening programme for
traumatic CAD was cost-effective since it reduced ische-
mic strokes and thus costs due to long-term disability.
Furthermore, although intracranial dissections are fre-
quently detected and have relatively poor outcomes,
extracranial dissections are detected more frequently and
stand to beneﬁt from early detection because they are
surgically accessible. If early diagnosis of CAD is essen-
tial, then who should undergo imaging for screening? It is
deﬁnitely not advocated to screen for CAD in every trauma
patient because of the increased exposure to radiation and
its low cost-effectiveness. The yield of screening is prob-
ably greater if screening criteria based on a set of risk
factors are used (Table 1)[ 13, 16, 21]. Aggressive
screening using these strict criteria identiﬁed CAD in 30%
of those screened [17, 26]. The most efﬁcient type of
imaging is yet to be determined [13].
Imaging
Noninvasive imaging, such as CTA, now allows increas-
ingly rapid and safe evaluation of the presence of CAD,
although at the cost of some degree of accuracy [8]. The
gold standard for diagnosing CAD is still conventional




Cervical bruit in patient\50 year
Expanding cervical hematoma
Focal neurological deﬁcit
Neurological examinations incongruous with head CT scan ﬁndings
Stroke on secondary CT scan
Risk factors
High-energy transfer mechanism with: Le Fort II or III fracture
Cervical spine fracture patterns: subluxation, fractures extending
into the transverse foramen transversarium, fractures of C1–C3
Skull base fracture with carotid canal involvement
Diffuse axonal injury with a Glasgow Coma Scale (GCS) score\6
Near-hanging with anoxic brain injury
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obtain, angiography is associated with a complication rate
of 1–2% [4]. In the patients reported here, CTA was used.
Trauma patients often already have an indication for CT
scanning, and CTA can be a part of this modality. Miller
et al. [8] found a sensitivity and speciﬁcity of 47 and 99%,
respectively, for CTA. As stated above, by using the
screening protocol (Table 1) for blunt trauma patients, the
diagnostic yield can be enhanced, with sixteen-slice mul-
tidetector CTA providing the best results so far [8, 22].
However, in our department, as in most trauma centers
these days, 128-slice CTA is available, and further
upgrades to and development of CT technology will
probably provide quicker and more accurate diagnosis.
Magnetic resonance angiography (MRA) is not available
around the clock in all hospitals, and can be difﬁcult in
ventilated patients. Duplex ultrasonography (US) can be
used as a quick, noninvasive screening tool, and is easy to
implement on the ICU. However, duplex US is not avail-
able 24/7 in most hospitals, is less reliable in inexperienced
hands, is difﬁcult to interpret if there is a hematoma in the
neck, and is less reliable for locating dissections near the
skull base [4]. When duplex US leads to suspicion of a
dissection, additional CTA, MRA, or angiography should
be obtained. In our daily practice, CTA has virtually
replaced angiography in CAD diagnosis. Only if the
diagnosis remains unclear is angiography performed.
Bifﬂ et al. [25] proposed imaging-based criteria to
deﬁne high-risk arterial injury patterns for stroke and
mortality following CAD, using a ﬁve-grade classiﬁcation
system (Table 2). Based on angiographic data, the risk of
stroke increased from three percent (grade I) to one hun-
dred percent in grade IV, and mortality accordingly
increased from eleven to one hundred percent. This clas-
siﬁcation system potentially provides an excellent way to
classify lesion type, bearing in mind that is was designed
for conventional angiography.
Management of CAD
Management of CAD due to blunt trauma remains
controversial. Treatment options include observation,
antithrombotic therapy, and endovascular stenting [2, 7, 21,
23, 24]. It has been suggested that with the help of an
angiography-based classiﬁcation system, it may be possible
to provide an individualized therapy [7]. However, the use
of a classiﬁcation system has not yet proven to result in a
better outcome [9, 14].
It has also been suggested that early recognition of CAD
and initiation of treatment with anticoagulant or anti-
platelet therapy reduces the number of cerebral ischemic
events and improves outcome [7, 11], but this also remains
to be proven. Furthermore, the type (antiplatelet versus
anticoagulant agents) and duration of antithrombotic ther-
apy remain controversial [27]. Arthurs et al. reviewed the
literature on treatment outcomes for blunt cerebrovascular
injury utilizing heparin, antiplatelet agents, and no anti-
thrombotic therapy. They concluded that treatment reduces
the neurological morbidity and mortality associated with
BCVI. It remains less clear whether patients should be
treated with heparin, aspirin, adenosine diphosphate
receptor inhibitors, or a combination therapy.
Unfortunately, patients who sustain blunt carotid inju-
ries typically have associated closed head injuries, solid
organ injuries, or pelvic fractures that prevent the use of
early anticoagulation [27].
Literature on the stenting of traumatic CAD is still
limited to small series with relatively short follow-up [7,
23, 24]. A proportion of the dissections occur at the skull
base or intracranially, and are therefore inaccessible to
surgical or endovascular therapy. However, recent studies
of stenting for CAD show excellent early and one-year
patency rates and a low major adverse event rate [24].
Further studies are warranted to deﬁne the role of this
treatment modality in the setting of treatment of blunt
carotid injury.
Some authors have stated that screening is not useful
because it will not change therapeutical options, leaving
antiplatelet therapy as the only therapeutical option [20,
21]. Clearly, if all trauma patients were to receive aspirin,
many would be overtreated and incur an increased risk of
bleeding. The usefulness of liberal screening could also be
questioned based on a recent report demonstrating that
nearly one-third of patients with cerebrovascular injuries
are probably not candidates for endovascular or anti-
thrombotic therapy due to intracranial lesions or concom-
itant injuries, as in the third and fourth cases we presented
here [20]. However, easily accessible extracranial lesions
occur more frequently than intracranial lesions and may
beneﬁt from early detection [11, 23].
A limitation of the present report is that we were not
informed about the total number of patients in whom a
dissection was missed due to a lack of routine CTA
screening in our hospital. In the literature, an incidence of
CAD of 1% in blunt trauma admissions was suggested. On
Table 2 Blunt carotid and vertebral arterial injury grade [1]
Grade I Luminal irregularity or dissection
with\25% luminal narrowing
Grade II Dissection or intramural hematoma
with C25% luminal narrowing,
an intraluminal thrombus or raised intima ﬂap
Grade III Pseudoaneurysm
Grade IV Transection with free extravasation
Grade V Occlusion and transection with extravasation
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criteria for CAD screening mentioned in Table 1 and could
possibly have been offered earlier treatment, but it remains
uncertain as to whether their outcomes would have been
better had a more aggressive screening and treatment pol-
icy been adopted. The patients received only medical
treatment because of surgically or endovascularly inac-
cessible lesions, and especially because of delays between
trauma and diagnosis. Also, because the cases presented
here are major trauma cases, the role that other neurolog-
ical injuries may have played in these patients’ adverse
outcomes is unclear.
Conclusion
Traumatic CAD is probably still underdiagnosed. Knowl-
edge of whether to screen for CAD or not is still evolving.
The use of a widely applied screening policy and a uniform
classiﬁcation system may increase the rate of early CAD
diagnosis, facilitate improvements in imaging modalities,
and increase tailormade therapies. However, the beneﬁt
this policy may have remains unclear, since diagnosing
CAD in some patients would probably not have altered
outcomes. Further, it is still not clear if screening also
results in early detection of a treatable lesion.
Prospective randomized clinical trials need to be
designed to answer the question of whether initiating
therapy early will lead to improvements in outcome in
traumatic CAD. We therefore believe that screening is a
basic condition for initiating future clinical trials.
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